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Background/Aims: Laparoscopy is a widespread surgical approach for many urological conditions. Achieving proficiency in laparoscopic surgery requires considerable effort due to the steep learning curve. Several residency programs include standardized laparoscopic training periods in their curricula. Our aim was to systematically analyze the evidence on the current status of training in laparoscopy in different residency programs in urology. Methods: We performed a systematic review of PubMed/Medline and the Cochrane library, in February 2018, according to the Preferred Reporting Items for the Systematic Review and Meta-Analyses Statement. Identified reports were reviewed according to the previously defined inclusion criteria. Eight publications, comprising a total of 985 urology residents, were selected for inclusion in this analysis. Results: There was a wide variation between training programs in terms of exposure to laparoscopy. Most residents considered that training in laparoscopy was inadequate during residency and had a low degree of confidence in independently performing laparoscopic procedures by the end of the residency. Only North American residents reported high degrees of confidence in the possibility of performing laparoscopic procedures in the 
Introduction
With the aim of decreasing postoperative pain and improving recovery times and cosmetic outcomes, without compromising functional and oncological results, urologists worldwide have been deeply committed to the development of endoscopic, percutaneous, laparoscopic, and robotic procedures [1] . Close collaboration with the biotechnology industry has led to the development of progressively more advanced technologies, which in turn has allowed further improvement of those techniques. For this reason, urology has always been on the front line of minimally invasive surgical procedures. Laparoscopy is part of the daily reality of most urology departments worldwide, covering oncological, functional, and reconstructive indications. In fact, in some situations, laparoscopy has become the gold standard approach to treat a considerable number of conditions [2] .
future, whereas the remaining residents, namely from European countries, reported considerably lower degrees of confidence. Conclusion: There were considerable differences between national urology residency programs in terms of exposure to laparoscopy. Most residents would prefer higher exposure to laparoscopy throughout their residencies.
However, despite the widespread interest in minimally invasive surgery, and in particular laparoscopic surgery, it is consensual that achieving proficient skills is a complex task [2] . A certain number of situations contribute to this difficulty, the loss of a three-dimensional image, the loss of eye-hand coordination, the loss of touch feeling, and the considerable dependence on surgical instruments, thus leading to considerably steep learning curves when compared to conventional surgery [1, 3] . For these reasons, and considering the reasonable ethical implications on patient safety, it is common sense that urologists must achieve a certain level of expertise before performing procedures in real patients [2, 3] . In line with these concerns, over the past years, several residency programs have included standardized and structured learning periods for laparoscopic procedures in their curricula.
Our aim was to identify and analyze the current status of exposure to laparoscopy in different residency programs in urology.
Evidence Acquisition
Search Strategy An extensive search in Medline and the Cochrane library was performed, until February 2018, for all types of articles on laparoscopic training in urology. Search criteria included articles with full text, with the words "training", "urology", and "laparoscopy" or "laparoscopic" in the title or abstract.
Inclusion Criteria
The main inclusion criterion was the presence of residents' opinion on laparoscopic training during their own residency in urology. Additional criteria were information on the actual exposure to laparoscopy during the residency and the intention to perform laparoscopy after the conclusion of the residency program.
Study Selection
Record evaluation and article selection were performed according to the Preferred Reporting Items for the Systematic Reviews and Meta-Analyses (PRISMA Statement). After elimination of duplicates, the remaining reports were analyzed, according to the previously defined inclusion criteria, and the articles to be included in the review were selected ( fig. 1 ).
Evidence Synthesis

Search Results
From a total of 238 reports identified, 8 articles that complied with the previously defined inclusion criteria, comprising a total of 985 residents [4] [5] [6] [7] [8] [9] [10] [11] were included. Table 1 summarizes the information on the included articles.
Study Analysis
The article by Lavi et al. [4] was based on a survey of the urology residency program in Israel. It was answered by 61 residents. On average, residents were not confident in independently performing laparoscopic procedures (on a scale from 1 to 5, 1.35 for partial nephrectomy and 1.67 for radical nephrectomy), with only final year residents showing a higher degree of confidence in independently performing those procedures (2.5 and 2.75, respectively) [4] . No information was provided on the actual exposure to laparoscopy during the residency or the future expectations regarding laparoscopy [4] .
The article by Linden-Castro et al. [5] was based on a 62-question anonymous survey of the satisfaction with the urology residency program. It was answered by 98 Mexican urology residents. Only 13% of the responders considered that laparoscopic training during the residency was adequate. On the other hand, 77% of responders considered that laparoscopy training during the residency should be improved. No information was provided on the actual exposure to laparoscopy during the residency or the future expectations regarding laparoscopic surgery [5] .
The article by Aydin et al. [6] was based on a 22-item survey on the role of simulation training among urological trainees and specialists in the United Kingdom. It was based on a questionnaire of laparoscopic training during residency in Belgium. It was answered by 52 trainees in urology and 131 trainees in gynecology and general surgery. Only 26.9% of urology responders felt that they would be able to perform laparoscopic surgery once they finished their training program, with 88% believing they would need an additional laparoscopic fellowship to perform advanced procedures. Nearly 80% of urology responders felt that there had not been enough training opportunities to learn advanced laparoscopy during their training, with the main factors contributing to this being the limited chance to act as the primary surgeon, the limited number of cases, and the lack of operating room time. No information was provided on the exact number of urology residents in the sample or the exact exposure to laparoscopy during the residency [7] .
The article by Garde Garcia et al. [8] was based on a questionnaire on minimally invasive surgical techniques during the urology residency program in Spain. It was answered by 36 urology residents. Nearly 60% of responders considered that their training was not appropriate. Although a considerable number of responders participated in laparoscopic procedures during their residency (radical nephrectomy 84%, and radical prostatectomy 75%), only a minority performed laparoscopic procedures as the main surgeon (36 and 24%, respectively). Moreover, only a limited number of residents expected to perform laparoscopic procedures in the future (partial nephrectomy 58%, and radical prostatectomy 34%) [8] .
The article by Furriel et al. [9] was based on an anonymous survey of the exposure to laparoscopic procedures and the motivation to perform laparoscopy during residency. It was answered by 219 European urology residents. More than 25% of the sample claimed no access to laparoscopy, with 43% of the responders stating participation in laparoscopic procedures only as assistants and 27% as main surgeons [9] . Only 23% of responders considered their experience in laparoscopy to be satisfactory, good, or very good (15, 7, and 1%, respectively) at the time of the survey. On the other hand, 51% of responders expected their experience in laparoscopy will be satisfactory, good, or very good (28, 15, and 8%, respectively) at the end of their residency [9] .
The article by Preston et al. [10] was based on a personal survey of minimally invasive surgical procedures in urology. It was answered by 56 Canadian final year urology residents. More than 85% of residents trained at centers that performed at least 50 laparoscopic procedures each year and more than 67% reported their laparoscopic experience to be either good or extensive. A considerable number of residents performed several radical nephrectomies during their residencies (68% > 10 and 33.9% > 20) and the vast majorities (98.2%) planned on performing them in the future [10] .
The article by Duchene et al. [11] was based on a survey of laparoscopic and robotic training in urology. It was answered by 372 urology residents and 56 residency directors registered in the American Urological Association. Nearly half of the residency programs were at institutions performing more than 100 laparoscopic procedures each year. One-third of residents in the final 2 years of residency had performed more than 20 laparoscopic radical nephrectomies and 88% of all respondents believed that they would participate in such a procedure in the subsequent year [11] . A total of 40% of residents considered their laparoscopic experience to be more than average (8% extensive, 14% good, and 18% average) [11] . A considerable difference was found between the opinion of residents and residence directors on the quality of the training in laparoscopy during the residency programs (53% of directors considered their programs to be at least average, compared to only 38% of residents) [11] .
Discussion
Over the past years, laparoscopy has become a widespread surgical approach [12] . In fact, laparoscopic procedures are now considered the gold standard for several urological conditions [1, 2] . Due to the inherent complexity of laparoscopic procedures, considerable training is required before a urologist can become proficient and independent in this surgical approach [2] . The idea that In line with this concept, several authors have suggested that the likelihood of performing laparoscopic procedures as a urologist is related to the experience in laparoscopy during residency. The study by Shay et al.
[13] with a survey performed by a series of American urologists that completed their residency over a 20-year period, demonstrated that while 69% of urologists trained in laparoscopy during their residencies continue to perform these procedures, only 34% of urologists who had not been trained during residency perform laparoscopic procedures (p < 0.025). The authors concluded that laparoscopic procedures in urology are more likely to be performed by physicians who have received training during residency [13] . In line with these results, the study by Abdelshehid et al. [14] with a survey answered by American Urological Association-registered practicing urologists, demonstrated a strong statistical correlation between the performance of laparoscopy as a primary surgeon and laparoscopic training during residency.
Despite these results, exposure to laparoscopy during urology residency programs may be suboptimal. A manuscript by Brinkman et al. [15] , analyzing European Basic Laparoscopic Urological Skills examination results by final year urology residents present at the European Urology Residents Education Program, showed that the level of basic laparoscopic skills among European residents in the end of their residencies is extremely low, with only 4.2% of participants passing the examination according to the validation criteria. Altogether, these results clearly demonstrated the importance of including laparoscopy in the curricula of urology residency programs.
The studies analyzed reported considerable differences in terms of exposure to laparoscopy during residency programs [4] [5] [6] [7] [8] [9] [10] [11] . The article by Furriel et al. [9] reported that 25% of respondents from European Union Urology residency programs do not have access to laparoscopy. On the other hand, the study by Preston et al. [10] reported that 85% of Canadian centers perform more than 50 laparoscopic procedures each year, while the study by Duchene et al. [11] reported that 47% of centers in the United States of America perform more than 100 laparoscopic procedures each year.
In terms of experience in laparoscopy during residency, there is a generalized feeling amongst residents that training is inadequate, with most residents having a low degree of confidence in independently performing laparoscopic procedures by the end of residency [4] [5] [6] [7] [8] [9] [10] [11] . The only exception is the study by Preston et al. [10] where 67% of Canadian responders considered their experience to be good or extensive.
Future expectations in laparoscopy are another controversial issue. While some studies reported high degrees of confidence in the possibility of performing laparoscopic procedures in the future, namely in Canada and the United States of America, the remaining studies, specifically from European countries, reported considerably lower degrees of confidence [4] [5] [6] [7] [8] [9] [10] [11] .
Our study has some limitations that are important to consider. First, only Medline-indexed articles were included, which may constitute an important selection bias, given the fact that many national results may only be published in national journals that are not indexed in Medline. Second, the information was mostly based on non-mandatory questionnaires, which can also be an important selection bias, given the fact that unsatisfied individuals are usually keener to give their opinion on the considered subject, therefore having a disproportionate impact on the results obtained. Third, many articles lacked adequate information on the actual exposure to laparoscopy during the residency programs, focusing mainly on the expectations of the residents. Finally, the articles analyzed had considerably heterogeneous samples, methodologies, and data, thus impairing an adequate comparison between the results.
Conclusions
Although many national residency programs include laparoscopic training in their curricula in order to provide laparoscopic surgical skills before the completion of residency, there is a wide variation between exposures to laparoscopy in the different programs. Despite that, most residents would prefer higher exposure to laparoscopy throughout their residencies. The authors consider that multinational structured training programs, organized by scientific societies, could be a good alternative to standardize training in laparoscopy during residency.
